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NOTICE 


This document may not be reproduced or published in 
any form in whole or in part without prior approval of the 
Government. Since this is a progress report, the information 


herein is tentative and subject to changes, corrections and = = 


modifications. 
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ABSTRACT 


The tensile and compressive, shear, bearing, fatigue 
and fracture-toughness properties of a total of 153 samples of 
2014, 2024, 6061, 7075, 7079 and 7178 aluminum alloy extrusions 
in the TX51X and "heat-treated-by-user" tempers have been 
determined, The extrusions ranged in thickness from 0.050 to 
6.500 in. Ratios among the tensile, compressive, shear and 
bearing properties have also been computed. 

Stress-corrosion tests of 43 samples of extrusions 


have been made. 
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FIFTH QUARTERLY REPORT 
MECHANICAL. PROPERTIES, INCLUDING FRACTURE TOUGHNESS AND 
FATIGUE, AND RESISTANCE TO STRESS-CORROSION CRACKING OF 
STRESS- RELIEVED STRETCHED ALUMINUM ALLOY EXTRUSIONS 
I. Introduction. 

The tests being made under this contract are for use 
in establishing design mechanical properties in MIL-HDBK-5A, 
including stress-strain and tangent-modulus curves, for 2014, 
2024, 6061, 7075, 7079 and 7178 aluminum alloy extrusions in 
the TX51X tempers. For comparison, a limited number of similar 
tests are being made of extrusions in the "heat-treated-by-user" 
temper. Also, some fracture-toughness, axial-stress fatigue 
and stress-corrosion tests are being made. 

This Fifth Quarterly Report summarizes the results of 
tensile, compressive, shear, bearing, fatigue, fracture-tough- 
ness and stress-corrosion tests made to date on 125 samples in 
the TX51X temper and on 28 samples in the “heat-treated-by-user" 
tempers. The samples ranged in thickness from 0.050 to 6.500 in. 


II. Material, 

A total of 138 samples of commercially-produced 
extrusiuns in the TX51X temper and 23 samples in the O temper 
have been received from two producers. The section thickness 
and identification of each sample is shown in Table I. Eighteen 


of the as-received samples in the 0 temper have been heat 


treated, cr heat treated and aged, in accordance with applicable 
conditions in MIL-H-6088D. Five samples of 2024-0 and 7075-0 
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were tested in two "heat-treated-by-user" tempers, so that the 


total number of samples tested in those tempers is 28. 


III. Procedure. 
. Mechanical Properties 


The specimens and procedures used were generally in 
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accordance with ASTM methods, and essentially in agreement with 
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Federal Test Method 15la. = | 
All tests were made in testing machines that meet 
i oe ASTM and Government requirements for accuracy. | 
: All tensile tests were made in accordance with ASTM 
Methods of Tension Testing of Metallic Materials (E8-66). The 
| size and type of the tensile specimens are as shown in Fig. 1. 
. Longitudinal and long-transverse specimens were taken from the 


following locations: 


Location oF oe faa S} ere with Respect to 


: Thickness, _ 

in. | 

Ss < 0.500 T/2 ae eke ; 

: 0.500 to 1.500 incl. T/2, D*/2 w/e, D*/2 W/4 
‘> 1,500 T/4, D*/4 ane w/t, D*/4 


#* For round extrusions: D-diameter. 


Also, for section thicknesses >0,500 and widths >1.500 in., 

: longitudinal and long-transverse specimens were taken at the 
T/2, W/2 location. For round sections >1.500 in. in diam, 
specimens were also taken at the D/2 location. For sections 

> 2.000 in. in thickness, short-transverse specimens were taken 


from the 7/2, W/2 location. 
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Whenever possible, the tensile specimens from 
extrusions 0.499 in. or less in thickness were full-thickness 
sheet-type specimens (Fig. 1). The specimens from thicker 
shapes were 1/2 in. in diam, except where it was necessary to use 
subsize round specimens. 

All compressive tests were made in accordance with 
ASTM Methods of Compression Testing of Metallic Materials 
(E9-67) and were made using a subpress (Fig. 3 of E9-67). ‘The 
specimens from shapes less than 0.500 in. in thickness were 
full-thickness (Fig. 2, top). These specimens were laterally 
supported by a Montgomery-Templin Fixture (Fig. 4a of E9-67). 
The specimens from thicker shapes were cylindrical (Fig. 2, 
center). The compressive specimens were taken from the same 
locatiens as the tensile specimens. 

Tensile and compressive yleld stresses of each sample 
of extrusion were determined from load-strain diagrams obteined 
autographically. 

Tests to determine the ultimate shear stress were made 
using specimens shown in Fig. 2 (bottom). Whenever possible, 
these specimens were taken from the same lecations as the 
tensile specimens, except that tests of short-trensverse 
specimens were made only on shapes 3 in., or more, in thickness. 
The tests were made with an Amsler double-shear tool in which 
the center l-in. length was sheared from the 3-in. long specimen, 
the end thirds being supported throughout the length. In 
tests of longitudinal and long-transverse specimens, the loads 


were applied in the direction normal to the major surface of the 
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shape from which the specimens were taken; in tests of short- 
transverse specimens the loads were applied in the direction of 
extrusion, parallel to the major surface of the shape. 

Rearing tests were made in accordance with ASTM Method 
E238-64T using longitudinal and, where possible, long-transverse 
specimens, of the types shown in Fig. 3. Flatwise end edgewise 
specimens were tested from shapes of suitable size. Edgewlse 
specimens from shapes less than 1-1/2 in. in thickness, however, 
were 1 in. wide (Type A, Fig. 3). ‘The bearing ultimate stresses 


and yield stresses were deteniined at edge distances of 1.5 and 


_ 2.0 times the pin diameter. ‘The yleld stress was determined 4s 


the stress at a permanent deformation of 2 per cent of the pin 
diameter, as indicated on autograpnic load-deformation diagrams. 
Before making these tests, the test fixtures and specimens were 


cleaned ultrasonically in suitable nontoxic solvent (Toson 3, 
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Grannini Controls Corp.). 
Certain lots were chosen for tensile an¢ compressive | 
modulus and stress-strain tests, fatigue and fracture-toughness | 
tests. Samples from which both longitudinal and long-transverse 
specimens could be obtained were selected for these tests. In 
a few instances, however, the geometry of the shapes in certain 
thickness ranges permitted oniy longitudinal tests. 
The tensile and compressive specimens used for modulus | 
and stress-strain tests are shown in Figs. 4 and 5, respectively. | 
In all modulus tests of longitudinal tensile specimens, and a 
few long-transverse specimens, strains were measured over 4 
6-in. gage length with an Amsler-Martens mirror-type extensometer 
(probably ASTM Class A). In most of the tests of long-transverse 
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tensile specimens it was necessary to use smlier specimens and 
measure strains over a 4 or 2-in. eesu length with the Amsler- 
Martens mirror-type extensometer (ASTM Class B-1) or l-in. gage 
length with the Tuckerman optical strain gage (ASTM Class A). 

In tests to determine modulus, the 6-or 4-in. gage length was 
used and the specimens were atressed up to about the proportional 
limit; then after removal of the load and starting again at zero 
stress and strain, strainge were measured with the seine instrument 
over @ 2-in. gage length untii the yleld stress was exceeded, 
When strains were measured over a 2-or l-in. gage length, tests 
were continued beyond the proportional limit to obtain the yield 
atress, In some tests of each alloy and olnpers, ‘StpeIHs were 
messured beyond the yield stress to the ultimate stress with a 
2-in, dial gage (each division = 0.001 in.) or scale and dividers 
to obtain complete tensile stress-strain curves. In all con- 
pressive modulus and stress-strain tests, the Tuckerman optical 
strain gage was used over a 2 or l-in. gage length (ASTM Class A). 
For determination of each modulus value, tne daata were examined 
by the strain-deviation procedure in ASTM Method £111-61. Based 
on the various tests, representative typical and minimum stress- 
strain and tangent-modulus curves will be developed in accordance 
with the procedures as outlined in Section 3.2.3, 3.2.5 and 3.2.6 
of Technical Report AFML-TR-66-386.* 


_———. 


* D, P. Moon and W. S. Hyler, "MIL-HDBK-5 Guidelines for Pre- 
ee of Data", Technical Report AFM-TR-66-386, February, 
1907. ¥ 
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Axial-stress fatigue tests were made using threes 
longitudinal and three long-transverse specimens of the type 
shown in Fig. 6. ‘They were tested et three stress levels 
(R=O.0) in Krouse fatigue machines operating at 2400 rpm. 

Fracture-toughness tests were made in accordance with 
the methods described in ASTM STP 411* on fatigue-cracked 
single-edge-notched tensile specimens from the longitudinal and 
long-transvers2 directions. The types of specimens are shown in 
Fig. 7; the proportions of these specimens are the same as those 
of specimens used vy NASA, Lewis Research Center. The fracture 
parameters were calculated from relationships developed from 
the NASA calibration. 

Candidate values of the critical plane-strain stress- 
intensity factor, Kg, were calculated using two values of load 
from the fracture-toughness tests, The first value was 
calculated using the load at the initial most of unstable crack 
growth, as indicated by the initial significant deviation from 
linearity in the load-deformat ‘on curve. These values were 
obtained from load-deformation curves developed with SR-4 
electrical-resistance strain-gage units, mounted as shown ir: 
Fig. 2 of the First Quarterly Report, dated June 15, 1966. In 
reporting the data, the degree of clarity of the initial 
deviation hes been indicated by the use of the letter "P" to 
indicate a clear instability or pop-in, the letter "I" to 


*W. F. Brow and J. E. Srawley, "Plane Strain Fracture Toughness 
Testing of High Strength Metals", ASTM STP 411, February, 1967. 
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indicate & less pronounced but yet abrupt initial deviation oe 
from linearity which is believed to be a& supressed pop-in, and 
"M" to indicate that the initial deviation was at the maximum 
or fracture load. The second value was calculated using the 
load at a 5 per cent secant offset, equivalent to about 2 per 
cent of crack extension; this was done as a result of recent 
recommendations of ASTM Committee E-24* that the secant-offset 
method be considered for establishing Kg. 
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Before values of Ka can be accepted as values of Xj, 


| 
{ 
| 
| 
| 
| 
| 
| 
they must meet two criteria: ae i 
(a) the plastic zone size must be small with respect to 
the thickness, as indicated by the limitation that 
the thickness of the test specimen must be equal to 
or greater than 2.5 times the ratio (Kye ys)*. and | 
(b) any deviation from linearity in the load-deformation 
| curve prior to the load used for the Ko calculation | 
must primarily represent crack extension, as in- | 
Gicated by the limitation on the load-deformation 
diagram that the horizontal displacement of the 
load-deformation curve (from the initial slope) at 
& load 80 per cent of that at the 5 per cent secant- 
offset intercept shall not be more than 1/4 of the 
displacement at the 5 per cent secant-offset 
intercept. 
Values of the ratio (Kyorys)* need2d to check the thickness 
criterion above {a) are reported with the data. Conformance 


* "Draft Recommended Practice for Notch-Bend Fracture- Toughness 
Testing", ASTM Committee Eek, February, 1967. 
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with the deviation criterion (b) is still being evaluated and 
will be reported later, along with the final analysis to 
determine which values of Kg may be considered acceptable values 
of K,,. | 


Resistance to Stress Corrosion 

Streae=corrosion tests have been, or are currently 
being conducted, with specimens from 31 samples in the TX51X- 
type temper, and 12 samples in the “heat-treated-by-user" 
tempers. —~ 

Resistance to stress-corrosion cracking is determined 
with two types of specimens; longitudinal and long-transverse 
0.125-inch diam tensile specimens (Fig. 8) are taken at the 
center line of the section thickness in all instances. For 
sections 0.750 inches or more in thickness short-transverse 
C-ring specimens (Fig. 9) are also taken, again on the center> 
line. The tensile specimens are stressed in framés us indicated 
in Fig. 10 of this report, and Fig. 7 of the First Quarterly 
Report, dated June 15, 1966, while the C-rings are stressed in 
bending as shown in Fig. 8 of the First Quarterly Report; the 
stresses are 75 per cent of the actual tensile yieid stress. 

The stress-corrosion evaluations are conducted by 
alternate immersion in a 3.5% (by weight) NaCl solution (Sterling 
Granulated Salt in New Kensington tap water), The test cycle 
includes total immersion of the specimens for 10 min. per hour 
and aeration above the’ solution for the remaining 50 minutes per 
hour. The test cycle is repeated 24 times daily for a 12-week 
period. The test equipment, shown in Fig. 9 of the First 
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Quarterly Report, consists of large stationary aluminum alloy 


a 


_ tanks which contain the salt solution, and a mechanism for 


raising and lowering the specimens to provide the desired cycle. 
Selected tensile specimen failures are examined to 
verify the cause as stress-corrosion cracking, and 411 tensile 
specimens that do not fracture during exposure are tested in . 
tension to determine the loss in tensile strength cayse by | 
corrosion. 
The criteria for classifying C-ring specimens as 
failures are as follows: 
2 (a) in susceptible alloy-temper combinations, cracking 
in C-rings is usually well defined and readily 
visible at a macroscopic level (magnifications 


up to 10 diameters). With such alloys and tempers 


“> 2* wisual examination is sufficient and any crack 
: readily detected at 10X magnification is con- 
sidered cause for removal from test. For such ee oe 
combinations metallographic examination to verify nee 
the cause of failure as stress-corrosion cracking, 
has therefore been limited to a few representative 
failures. 
{t) In alloy and temper combinations developed to 

provide 4 high degree of resistance to stress- | 
corrosion cracking, C-ring failures, when they do 
occur, usually develop as very fine, short cracks 


which are not readily detected visually. 


g —w Co peerans 
rr 3 
eT et ae 


os ee ee 10. 


Consequently, all C-rings of such alloy and tempers 
are examined metallographically after sompletion 
of the 84-day exposure period. Any evidence of 
stress-corrosion cracking results in the specimen 
being classified as a failure. 


The stress-corrosion test results will be compared 
with existing data for aluminum alloy extruded sections to 
_ascertain that performance was typical of that expected for the 


various alloy systems. 


Iv. Summary. 
The results of tensile, compressive, shear and bearing 


tests of 125 samples of extrusions in the TX51X temper are shown 
in Tables II through IX; the corresponding properties for 28 
extrusions in the "heat-treated-by-user" tempers are shown in 
Table X, The tensile properties of all samples exceed the valuzs 
in applicable Federal Specifications. Specified minimum tensile 
properties for extrusions are shown in Table XI; the values shown 
in this table are those published in "Standards for Aluminum 
Mill Products", The Aluminum Association, 1967. Some of these 
values, as indicated in the table, are lower than those shown 
presently in Federal Specifications. It is understood, however, 
that the values in "SAMP" will be in the next revisions of the 
Federal Specifications. 

The ratios among the tensile, compressive and shear 


properties of the extrusions in the TX51X tempers are shown in 


Tables XII through XIX and those for the “heat-treated-by-user" 
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tempers are shown in Table XX. ‘The ratios among the bearing 
and tensile properties of the corresponding extrusions are 
shown in Tables XXI through XXVIII and XXIX, respectively. The 
ratios among the properties at different locations with regard 
to width and thickness are shown in Table XXX. ‘The ratios 
among bearing properties obtained using edgewise specimens to 
those obtained using flatwise specimens are shown in Table XXXI. 
The results of the axial-stress fatigue tests are 
shown in Figs. 11 through 16, and those of the fracture-toughness 
tests for the extrusions in the TX51X tempers and "heat-treated- 
by-user" tempers are shown in Tables XXXII and XXXIII, 
respectively. . 
The current status of the stress-corrosion tests is 
shown in Table XXXIV for the extrusions in the TX51X tempers 
and Table XXXV for the extrusion in the "heat-treated-by-user" 
tempers. The tests results continue to indicate typical 


performances for the various materials. 
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= SPECIFIED MINIMUM VALUES® FOR ALUNINUN ALLOY EXTRUSIONS 
{AF33(615 )-3580] 


Tensile 


Federei 


Alloy ana T) ongation 
a i Stress,? 2 ae 4D, | Specification 


20148-T62 a0. 749 All 60 000 53 000 7 QQ-A-200/2b 
~T6510 m0. 499 All 60 900 53 000 7 
0.500-0. 749 All 64 000 58 000 7 
0.750 e25 68 000 60 000 7 
2024-73510, @0, 249 All 57 900 42 000 12 Q-A~200/3b 
“73511 0.25 2-0, 749 All 60 000 4k 000 12 
0. 750-1.499 All 65 000 46 G00 20 abe! 
91.500 e25 4 000 2 000 1 
( : 21.500 25 032 000 8 000 8 
20. 749 All 57 000 38 000 le 
31.500 eed 57 000 38 000 lo 
«T8510, 0.050-0. 249 All 64 000 56 000 4 
-T3511 0.250-1.499 All 66 000 58 000 5 ‘ 
91.500 32 66 o00c 58 000 5 | 
q 
~T62 0. 749 - -- -- - ‘None 
p1.500 - -- -- at : 
6061-T62¢ , - 20. 249 All 38 000 = 35: 000 Ben QQ-A-200/8b 
-~16510 0.250 All 38 000 35 000 10 
7075-T62%, w0. 249 All G 000 70 000 7 Q-A-200/11b 
~T6510 0.250-0.499 All 1 000 73 000 7 
©.500-2.999 All 81 000 72 000 7 
3.000-4,499 30 8} 000 71 000 
-000-8 499 >20, 32] 75 000 B 000 
G. -§00-5.000 = 78 000 
-T73X, tt 20.249 - -- -- - Nons 
-T73510 0. 250-0. 499 - sé ae = 
0.500-1.499 - - ~~ -- - 
1.300-2..999 - -- -- - 
; 4,499 - -- -- ~ 
3 5.000 - -- -- - 
- 7079-T6é2,¢ @0. 249 220 75 000 67 000 7 QQ-A-200/12b 
T6510 0, 250-0. 499 €20 77 000 q 
. 499 ~20 78 000 70 000 
7178-T62¢ 20.06) 220 9 OCOF® 73 CODFe 5 QQ-A-200/13 
0.256~1.499 220 2 00088 74 OCOte 5 
-T6510 0. 062-0. 249 e20 84 o00## 76 oco#e 5 
0,.250-1.499 ees oooe* 78 COO" 
1.500-2. 499 000 77_000** 


*® All values are ap shown in the Aluminum Association Booklet, "Standards for Aluminum Mill 
Products," 1967. 


t Offset equals 0.2 per cent. 


@ In Q-A-200/8b, 1lb, 12b end 13, values for ™ temper apply also for extrusions heat treated 
and aged vy user (T62 temper). 


#* Lower then in Federel specifications. 


tt -"173X" signifies 173-type temper for 7075 when heat treated and aged by user. Standard 
designation not yet assigned. 
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